ABSTRACT. Japanese White rabbits, Wistar rats, ddY mice, Suffolk sheep, and a domestic cat were each orally inoculated with 20-140 third-stage larvae (L3) of Gongylonema pulchrum, isolated from naturally infected dung beetles captured in Aomori Prefecture. Worm recovery rates were 40.0-72.0% in rabbits at 7, 14, and 19 weeks post-infection (PI) and 3.3-25.0% in rats at 19 weeks PI. Those in 2 sheep at 7 weeks PI showed 53.6% and 29.3%. No worms were recovered from the mice and the cat. In the susceptible animals, many worms were found in the esophagus, and a few were present in the pharyngeal mucosa, tongue, buccal mucosa, and cardiac portion of the stomach wall. No distinct morphological differences were observed in the worms from rabbits and sheep. These results indicate that rabbits are very suitable experimental definitive hosts for G. pulchrum.
Gongylonema pulchrum is a spiruroid nematode that occurs in the upper digestive tract of various mammals throughout the world. It has been reported in domestic and wild ruminants, equids, swine, primates, squirrels, rabbits, bears, skunks, hedgehogs, and occasionally in man [3] . In Japan, G. pulchrum has been found from cattle in Hokkaido and northern Honshu [7, 15] , Japanese macaque (Macaca fuscata) in Kyushu [16] , and sika deer (Cervus nippon) in Hyogo [17] . This nematode has an indirect life cycle, and many species of dung beetles serve as intermediate hosts.
Eleven species of dung beetles were reported as intermediate hosts for this nematode in northern Honshu [8] .
Experimentally, cattle, sheep, pigs, rabbits, guinea pigs, and rats were successfully infected with G. pulchrum [2, 10, 14] , and the encapsulated larvae were found in the tissues of internal organs in experimentally infected mice [13] . In these experiments, however, the numbers of animals used were small, and the rate of worm recovery was not determined in some animals. Therefore, the comparative susceptibility of mammalian hosts to G. pulchrum has not been ascertained. Furthermore, there is little information on the location of worms in these animals. Prior reports of Gongylonema infection in cattle indicate that the parasite caused chronic esophagitis and sometimes deformation of the esophagus [4] . Duncan et al. [5] reported that lingual gongylonemiasis in Goeldi's monkeys might have predisposed the animals to pasteurella septicemia, which resulted in their deaths. The distribution of worms within the definitive hosts is closely associated with the pathogenesis of the parasite. This paper presents further information on the experimental infections of laboratory animals and sheep with G. pulchrum in Japan.
Seven Japanese White rabbits (3-mo-old females), 6 Wistar rats (4-wk-old males), 3 ddY mice (4-wk-old males), 2 Suffolk sheep (10-11-mo-old males), and a domestic cat (adult male, age unknown) were each orally inoculated with 20-140 third-stage larvae (L3) of G. pulchrum. These larvae were isolated from naturally infected dung beetles (Aphodius spp. and Copris spp.) captured at Rokkasho, Aomori Prefecture where these beetles are frequently and heavily infected (Fig. 1) . The inoculated animals were euthanized at 7, 14, or 19 weeks post-infection (PI), and their upper digestive tracts were examined for worms. The mucosae of the oral cavity, tongue, pharynx, esophagus, and stomach wall (or cardiac portion of rumen in sheep) were inspected under a dissecting microscope. Thereafter, the tissues were put into artificial gastric juice (pepsin, 1:10,000, 5 g; HCl, 5 ml in 1,000 ml water) and kept overnight at 37°C to recover the remaining worms. Furthermore, other visceral organs and muscle tissues of mice were fragmented with pointed forceps and examined by artificial digestion. The worms recovered from each animal were fixed in 10% hot formalin, cleared in a lactophenol solution, and observed using a camera lucida. The recovery of worms from the experimentally infected animals is summarized in Table 1 . Worms were recovered from the rabbits, rats, and sheep but not from the mice and the cat. Worm recovery rates in rabbits were 40.0-72.0% (55.6% on average) at 7-19 weeks PI, and the rates showed a slight decrease when more larvae were fed. Similarly, the recovery rates in rats at 19 weeks PI were 3.3-25.0% (10.6%), and those in 2 sheep at 7 weeks PI showed 53.6% and 29.3%. The average rate of worm recovery in rats was significantly lower than that in rabbits at 19 weeks PI (P<0.01). According to Lucker [10] , 103 mature worms (89.6%) were recovered from one rabbit at 127 days PI when 115 L3 were inoculated, whereas only one male (2.9%) was obtained from a rat at 167 days PI when 35 L3 were fed.
In the positive animals, many worms were found in the esophagus, and a few were present in the pharyngeal mucosa, tongue, buccal mucosa, and cardiac portion of the stomach wall. Lucker [10] and Popova [12] also noted that the worms were recovered mainly from the esophagus, and some of them were obtained from the tongue, palate, epiglottis, and pharynx in the experimentally infected rabbits and rats. In the present study, a more detailed distribution of worms in the esophagus was determined. The worms in rabbits were distributed widely to the esophagus, whereas those in rats and sheep were predominant in the upper or lower portion of the esophagus, respectively. Anwar et al. [1] reported that more worms were found in the lower portion than in the middle or upper portion of the esophagus in the naturally infected cattle. The present results with sheep are similar to those from their report. It suggests that the lower portion of the esophagus may be the most suitable site for G. pulchrum infection in ruminants.
At 7 weeks PI, most of the worms recovered from rabbits and sheep developed into young adults, but some of them were still juveniles: one fourth-stage larva (L4) from the buccal mucosa in one rabbit and one L3 and 7 L4 from the esophagus and cardiac portion of rumen in sheep. Fully developed worms were obtained from rabbits after 14 weeks PI and from rats at 19 weeks PI. According to Gupta [6] , full development of G. pulchrum requires more than 50 days in rabbits.
Both mature and immature worms were found in the mucosa of the upper digestive canals, forming serpentine or entangled tracts (Figs. 2 & 3) . The tracts with worms were slightly elevated, regularly or irregularly undulating, linear bulges. Empty tracts, which suggested migration of the worms, were also seen. They were less pronounced and flat. These macroscopic findings showed no differences among the susceptible animals.
The measurements of worms recovered from different animals are summarized in Tables 2 & 3 . At 7 weeks PI, there were no distinct morphological differences between the worms from rabbits and sheep. The body lengths of worms from rabbits at 7 weeks PI were 24.8-32.1 mm in males and 42.5-55.3 mm in females, and those from sheep were 22.3-30.4 mm and 40.4-51.6 mm, respectively. On the other hand, the worms from rats at 19 weeks PI were significantly smaller than those from rabbits (P<0.01). The body lengths of worms from rabbits at 19 weeks PI were 25.0-40.9 mm in males and 51.7-101.1 mm in females, whereas those from rats were 11.7-18.0 mm and 16.6-27.7 mm, respectively. However, the ratios of the left spicule length/body length and distance from posterior end to vulva/ Figs. 2 & 3.Esophagus ( Fig.2 ) and oral cavity (Fig. 3) of a rabbit at 14 weeks PI, showing characteristic serpentine or entangled lesions in the mucosa. body length showed a close resemblance in the worms from rabbits and rats. The former ratio was 0.48 (in average) for both animals, and the latter was 0.047 for rabbits and 0.050 for rats. It is well known that the mature G. pulchrum specimens from different hosts differ greatly in size. Lichtenfels [9] noted that both males and females from cattle, sheep, and deer were larger than those from pig, rat, rabbit, guinea pig, and man, while some morphometric characteristics, including the left spicule length/total body length, showed relatively little variation among those animals. In the present result, the size of worms from rabbits at 19 weeks PI was quite similar to that from naturally infected cattle. The body lengths of worms from cattle were 24.1-52.4 mm in males and 46.0-111.5 mm in females in our previous study [7] . These findings suggest that rabbits, as well as ruminants, may be suitable definitive host for G. pulchrum. In contrast, a rat is thought to be less suitable than a rabbit because of the recovery of smaller-sized and non-gravid worms from rats. At 19 weeks PI, all the female worms from rabbits contained many eggs in their uteri, but only a few worms in rats possessed intrauterine eggs. In mice, no worms were recovered from any tissue at 7 weeks PI, although Ramishvili [13] noted encapsulated larvae in the tissues of internal organs of experimentally infected mice at 13 days PI. Therefore, we performed an additional examination to determine whether or not mice act as reservoir hosts for G. pulchrum. Five ICR mice (7-14-wk-old males) were each orally inoculated with 50 L3 of G. pulchrum and examined for larvae in the same manner described above. As a result, 50, 39, and 7 larvae were recovered from mice at 2, 5, and 10 days PI, respectively, and none were recovered from the animals at 20 and 30 days PI. At 2 days PI, all 50 larvae were found in the proventricular portion of the stomach wall, and they were still alive. On the other hand, the larvae obtained at 5 and 10 days PI were located more widely within the upper digestive tract, such as the esophagus, tongue, buccal mucosa, and other tissues of the head, in addition to the proventricular portion of the stomach. Many larvae from these tissues were clearly damaged. The percentage of degenerated and dead worms was 28.2% at 5 days PI and 100% at 10 days PI. These results suggested that mice might not be very suitable reservoir hosts of G. pulchrum. In addition to the mice, a domestic cat was unsuccessfully infected with G. pulchrum; however, a report of a domestic cat in Czechoslovakia indicates that an infection with this nematode occurred naturally [11] . Further studies are necessary to assess the susceptibility of cats to G. pulchrum infection.
In conclusion, the high recovery rate and morphological findings of worms in experimentally infected rabbits suggest that the animals are very suitable experimental definitive hosts for G. pulchrum. In addition, the distribution of worms along the upper digestive tract, extending from the oral cavity to the lower portion of the esophagus in rabbits, was ascertained. A heavy infection of G. pulchrum may cause deformation of the esophagus and inflammation of the tongue, as mentioned above. In many human cases, the worms were found in the buccal mucosa [3] . The experimental infection of this nematode using rabbits is thought to be very useful in studying the pathogenesis, diagnosis, and therapeutics of gongylonemiasis in man and animals. 
